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1 
The present invention relates to magnetc flux 
measuring apparatus of a type generally similar 
to that disclosed in the patent to Smith No. 
2,260,589 of October 28, 1941; and, more particu- 
larly, to bridge circuit features thereof and 
probe constructions usable therein. 
A ieneral object of the present invention is fo 
provide such apparatus which is readily con- 
structed and can be employed efficiently fo give 
direct readings of the flux in magnetic flelds 
where probe access space is very small, with the 
probe containing only part of the bridge circuit 
therein uniquely strain compensated and with 
the bridge c/rcuit temperature compensated for 
a relatively wide range of temperature. 
A more specific object of the present inven- 
tion is to provide a probe containini two of the 
four arms of a Wheatstone bridge, the effective 
resistance portions of the two in the probe being 
formed of metal!ic materials having substantially 
the same temperature coefficient of resistivity 
and substantially the same total electrical resist- 
ance with one being relatively magnetically-in- 
sensitive and the other being relatively highly 
magnetically-sensitive in that if is subject to 
relatively large change in risistance as a func- 
tion of change of flux in a magnetic field, with 
both being of substantially the saine length for 
strain compensation, 
A further object of the invention is to provide 
temperature compensation by forming the rel- 
atively magnetically-insensitive arm of a metallic 
material the temperature coefficient of resistivity 
of which is substantially equal to that of the mag- 
neically-sensitive arm; and iï such coefficient is 
slightly higher, so that resistance response of the 
former will be greater than that of the latter 
with change in temperature tendini fo produce 
change in phase voltage, effectively preventing 
that condition from giving rise fo error by 
balancing that greater resistance response with 
a shunt resistance of smaller coefficient. 
Other objects of the invention will in part be 
obvious and will in part appear hereinafter. 
The invention accordingly comprises the fea- 
tures of construction, combination of elements 
and arrangement of parts, which wfll be exempli- 
fied in the construction hereinafter set forth, 
and the scope of the invention will be indicated 
in the claims. 
For a fuller understanding of the nature and 
objects of the invention, reference should be had 
fo the following detafled description taken in 
connection with the accompanying drawings, in 
which: 
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:Fig. 1 is a side elevational view of a probe con- 
struction of the present invention enlarged about 
four rimes normal size; 
:Fig. 2 is an end view of the probe shown in 
5 Fig. 1; 
:Fig. 3 is a perspective view of infernal ele- 
ments of the probe shown in Figs. 1 and 2, with 
parts broken away, showing steps of formation 
and details of assembly of parts; 
10 Fig. 4 is a view similar fo :Fig. 3, showing the 
next step of formation; 
:Fig. 5 is a perspective view somewhat similar fo 
Fig. 4, but showing manipulation of one part in a 
subsequent step; 
15 Fig. 6 is an enlarged sectional view taken subi 
stantially on line {}--6 of :Fig. 2, and with parts 
broken away; 
:Fig. 7 is a view simflar to 'tig. 4, but withad- 
ditional parts broken away, showing a modiflca- 
20 tion o.f the pattern of bridge arms in the probe; 
Fig. 8 is a view simflar to Fig. 7 of a further 
modification of the pattern of bridge arms in the 
probe; 
Fig. 9 is an electrical block diagram 0f flux- 
25 meter apparatus suitable for employment of the: 
probe of Figs. 1 fo 6, inclusive; 
:Fig. 1{} is a w/ring diagram of an embodiment 
of the probe; and 
Fig. 11 is a .wiring diagram of the Wheatst0ile 
30 bridge of the device of which the probe forms 
a part, showing shunt and series resistance fea- 
tures of the present invent2on. 
Referring fo the drawings, like numerals 
identify similar parts throughout and, as will be 
S5 seen, probe ,0 of the fluxmeter of the present 
invention includes a casing I I, preferably of 
suitable magnetically-insensitive material. The 
casing 1 I, in a preferred form, is made of metallic 
material to serve as an electrostatic shield, par- 
40 ticularly when grounded, and may be formed 
aluminum, copper, brass or bronze. One end 
of the casing I I is formed as a fiat sheathing 
adapted to contain flux responsive elements, and 
that casing is enlarged ai the other end ,3 to 
45 receive therein any suitable insulating mounting 
means supporting a pair of terminal plugs 
As Wili be seen from Figs. 3 to 6 inclusive, the 
probe casing 11 bouses two arms of a Wheatstone 
bridge and suitable supporting and insulating 
50 means. As shown in Fig. 3, the effective resist- 
ance portion I§ of one bridge arm is connected at 
its ends to copper leads I{} and I by any suit- 
able means, such as a type of solder well known 
in the art. The 'bridge arm portion 15 is pro- 
55 vided as a eertain length of relativeiy highly 
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3 
magnetically-sensitive metallic material charac- 
terized by relatively large change in resistance as 
a function of change of flux in a magnetic field 
in which it may be located, and is preferably 
formed of bismuth. The effective resistance por- 
tion II] of the other bridge arm is likewise con- 
nected between similar copper leads 
in a similar manner and is of substantially the 
saine length as.portion 16. Bridge .arm portion 
18 is formed of relatively magnetically-insensi- 
tire metallic material and, in accordance with the 
present invention, is marie of tungsten, zirconium 
or other metallic material having similar elec- 
trical characteristics. In accordance with the 
present invention, the two bridge portions.16 and 
18 need be of approximately the saine temper- 
ature coefficient of resistivitY so as fo assure 
proper operation of the apparatus within a wide 
range of temperatures that may be encountered 
in use .of the device. For examp!e, the temper- 
at_ur..e coefficient of resisivity of bismflth is 0.004. 
That coefficient of bots -tungsten-and zirconium 
is 0.005. The slightly greater value of that 
èfficient for tungsten or zirconium is accommo- 
dated by another feature of the present invention 
hereinafter fuly described in connection with 
temperature compensation. 
Preferably the tW.o bridge arms compising the 
portions 16. and .! 8 and their.copper leads 16 and 
I are lid out in a paern, uch. as that ' pro- 
posedinFigs. 3, 4 and 5, upon suitable sheet nsu- 
latlon: 19, such as. heat. _insulating paper. The 
paper sheet I$ is in the form-of .a strip having 
a fold line 1) beyond the end of the bridge .arms 
o. deflne .a lapping, portion 2 I. s indicated in 
Fig. 4, with the bridge arms and their leads laid 
out upon.the .paper strip 19, they are-suitably 
held in.position by a body 2 of insulating cernent 
suc h s .transparent synthetic plastic cernent, well 
known  for household use..Belote the cernent has 
se, the -lapping:_pórtion. 2 I. is lapped back .over 
the bridge arm portions and their leads, as pro- 
p0sed in .Fig..5» so .that the metallic, elements 
will ,be completely covered by insulating mate- 
rial, and suitably insulated from each other in 
anchored positions upon setting, of.the-cement. 
As shown in Fig. 6, the so-insulated and 
mounted bridge arms 16 .and 18. are- then in- 
s.erted into the reduced fiat end portion .12 of the 
casing .I.I, and suitable insulating flller material 
25 is filled into the enlarged portions, of the 
casing. The body 23 o insulating material- may 
serye ..at the enlarged end I$ of the probe as a 
support-for,terminal prongs 14, 14, orsuch sup- 
port may. be supplemented theret by a disc of 
insulating material, such as Bakelite. One ter- 
minal.copper wire 16is/connected to one of the 
plugs 1.4and the other.terminal wire 16. is.con- 
nected t'o .thë other plug'. : Terminal wires I, 
maY be' ,respectively connectedtogether with a 
connection at the end 13 to the casing II, as 
SuggÇsted..in - the .wirig diagram of Fig. 10, or 
broght out, sepaatelyto tha.t end of the cas- 
ing and. thee ind.ividually connected thereto, such 
as ;by being.clamped between the inner wall of the 
casing-and ,the edge of the supporting disc of 
insulating material, if employed.. Thus, there is 
a common ground connection to the metallic cas- 
ing II-which preferably, is tobe grounded when 
the probeis P.lugged into.a suitable jack on the 
end of a connectingcable leading to the remain- 
ingportons of the äpparatus..Sucs grounding 
Connection may be effected by a metallic sheath- 
ing of. that cable brought to Contact wit.the 
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probe casing II upon plug-in connection of the 
latter to the cable. 
Figs.  and 8 show modifled patterns or ar- 
rangements of the two bridge arms 15 and 18 
5 on the paper base 19, which may be adopted, if 
desired, within the scope of the invention. The 
arrangement of Fig. 8 is particularly suited to 
location of the bridge arms 16 and 18 in a mini- 
.mure area, which may be desired in the measure- 
10 .ment of fleld flux of certain types of equipment. 
In order fo appreciate the very small dimen- 
sions desirably permitted by such probe construc- 
tion, so that the fiat sensitive end 12 thereof may 
be reCeived in very small spaces between the lïeld 
15 poles of electrical devices, physical dimensions 
and electrical characteristics are here tabulated 
and indicated: 
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25 

B ridg_____ï.Arm P ortion 2engt_____h_ D iamcte_____rr T. c oef._____p 
. " Inch Inch 
(15) Bi ................. t 0. 001 0. 004 
(18) W ................. la O. 0ó03 O. 0045 

Resistsnce 

approx. 8 
approx. 8+ 

Bronze probe casing (11) l" 1.; dis. large end (13) 0.250"; small 
end (12) thickness 0.040", width 0.125". 
!t Wili be understood that, despite the very 
small dimensi0n Of such probe structure, ease 
30 inmniPul_ation can be assured by supplement- 
ing it with a.handle.p0rti0n that may consiSt of a 
cylindricil .aluminum or plastic acket carrying 
the jack at one end connected te cable conductors 
ëxtending through the-jacket t0 the flexible per- 
35 tion of the, cable. The metallic shething: of the 
Cable may be conneted te the other end of the 
jacket, if metallic, te ground if, or if the jacket is 
non-lînetallic a grounding lead may extend there- 
through from the probe casing I I te the metallic 
40 cable sheathing. SUCh handle may be an alumi- 
hUm tube about %" in diameter and about 4½" 
long, with the previoUsly desc9ibed probe struc- 
ture.le Constituting the feeler part thereof and 
With thê feeler .and handle together consituting 
45 a pen:like probe about 6 ' long. 
As shown inFig. 9, the Conductors of cable 24, 
which"form continuations of the copper probe 
c6nductors 16, 16 and the common grounded 
conductor I, are connected te a suitable high 
50 grain, narrow hand, negative feedback ampli- 
fier 26 within thecasing of which are suitably 
mounted the other two arms of the Wheatstone 
bridge. A common alternating current supp]y, 
such as 110 v. house cUrrent 26, is connected 
55 through a suitable electronic regulated power 
supply unit 2, and a 1000 cycle oscfllat0r of very 
low harmonic content 28 te .the amplifier unit 
25, with the output side of the latter connected te 
a suitable voltmeter 29 calibrated in Gauss. 
60 Although the temperature coefficients of re- 
sistivity of the two arms 16 and 18 of the Wheat- 
stone bridge located.in the-probe 18 are approxi- 
mately equal, actually that of the magnetically- 
insensitive arm 18 is slightly higher,- as will be 
65 seen from the above and, as a result, the resist- 
ance response of that arm-will lead that of the 
other with affecting temperature change. Con- 
siderable temperature compensation is effected 
by the fact that the temperature coefficients of 
70 resistivity are approximately equal,, and by the 
fact that the effective portions of the two arms 
are of substantially equal electrical resistance. 
Further temperature compensátion, se as te 
avoid errer in balance which may be produced in 
75 the bridge as a result of the slightly higher rem- 



perature coefficient of resistivity of the magneti- 
cally-insensitive arm, is accomplished in «ccord- 
ance with the present invention by placing a high 
resistance in shunt with that arm 18. Any loss 
of resistance in that magneticàlly-insensitive 
arm 18 due to the shunt resistance can be re- 
gained by inserting in series with that arm an 
«dditional relatively low resistance. Such shunt 
and series resistances are preferably of the ad- 
justable type so that after careful adjustment, 
the apparatus will give substantially correct 
readings for considerable temperature changes 
of the bridge. 
The circuit of such construction is shown in 
lig. 11. The magnetically-sensitive bridge arm 
IS is connected through cable 24 to a third 
arm 30 of the Wheatstone bridge. The magnet- 
ically-insensitive bridge arm 18 is connected 
through cable 24 to the fourth arm 31 of the 
Wheatstone bridge. As previously indicated 
the Wheatstone bridge arms 30 and 31 are 
suitably located in the amplifier unit 25; and 
they are constructed of any metallic mate- 
rial having substantially zero temperature co- 
efficient of resistivity, such as manganin. Be- 
tween conductor 16 leading from the magneti- 
cally-insensitive bridge arm 18 and the bridge 
resistance arm 31 there are located in the ampli- 
fier unit 25 such resistance means to effect that 
desired temperature compensation. Adjustable 
shunt resistance 32 is connected between conduc- 
tor 16 leading from the magnetically-insensitive 
arm 18 and grounded conductor I1, and such re- 
sistance which thus shunts arm 18 may be of 
the magnitude of three hundred and flfty ohms 
(350 ), and should be of a smaller coefficient of 
resistivity than arm 18, such as by being marie of 
a suitable alloy, e. g. manganin or advance. The 
adjustable compensating series resistance is 
shown at 3. as being connected between that 
conductor 16 and bridge arm 31, and may be of 
the order of six ohms (6). These features, 
particularly that of the shunt resistance, are 
quite important fo the flexibility of use of the 
fluxmeter and its efficiency. 
As indicated above, in a particular embodi- 
ment of the present invention using tungsten 
wire for the magnetically-insensitive arm por- 
tion ! 8 that wire is less than one third the diame- 
ter of the other magnetically-sensitive bismuth 
wire arm portion !, so that they may be of 
substantially the saine length while being of ap- 
proximately equal electrical resistance. Such 
equality in length assures strain compensation. 
Of course, connecting conductors !6, !6 are of 
the saine gauge, length and material; as are con- 
ductors !1, !1. 
It will thus be seen that the objects set forth 
above and those ruade apparent from the pre- 
ceding description are efficiently attained by flux- 
meter apparatus characterized by the features 
herein particularized and claimed. Since cer- 
tain changes may be ruade in the above construc- 
tion and different embodiments of the invention 
could be marie without departing from the scope 
thereof, it is intended that all marrer contained 
in the above description or shown in the accom- 
panying drawings shall be interpreted as illus- 
trative and hot in a limiting sense. 
It is also to be understood that the following 
claires are intended to cover all of the generic 
and speciflc features of the invention herein de- 
scribed, and all statements of the scope of the 
invention which, as a marrer of language, might 
be said to fall therebetween. 

Having described my invention, what I claim as 
new and desire fo Secure by Letters Patent is: 
1. A fluxmeter probe comprising, in combina- 
tion, a casing; only two adjacent arms of a 
5 Wheatstone bridge circuit mounted in said cas- 
ing with the effective resistance portions of both 
being of substantially equal length, approximate- 
ly the saine, temperature coefficient of resistivity 
and substantially the saine total electrical re- 
10 sistance in a fleld of zero flux, one of said arm 
portions being of a relatively highly magnetical- 
ly-sensitive metallic material subject to rela- 
tively large change in resistance as a function 
of change of flux in a magnetic fleld in which 
15 it may be located, the other of said arm por- 
tions being of another metallic material relative- 
ly magnetically-insensitive as to its resistance 
characteristics; and electrical conductive means 
providing for connection of said encased arms 
2O to the remainder of the Wheatstone bridge cir- 
cuit and a resposive meter circuit both 
ternally of said casing. 
2. The fluxmeter probe as deflned in claire 1 
characterized by the formation of said magnet- 
25 ically-sensitie arm portion mainly from bismuth 
and said magnetically-insensitive arm portion 
mainly from one of the elements tungsten and 
zirconium. 
3. The fluxmeter probe as deflned in claire 2 
3O characterized by the formation of said casing 
from a substantially non-magnetic metallic ma- 
terial to serve as an electrostatic shield having 
no material effect on the flux measuring ability 
of said probe and associated apparatus. 
35 4. The fluxmeter probe as defmed in claire 3 
characterized by the provision of said casing as 
an elongated tubular sleeve closed and flattened 
at one end and formed from a metallic material 
selected from the group consisting of aluminum, 
4o copper, brass and bronze; a layer of insulating 
material forming a lining for said flattened por- 
tion, within which said two arm portions are 
inserted; terminal members mounted on and ex- 
teriorly exposed af the other end of said sleeve; 
45 and electrical conductors of copper connecting 
said arm portions to said terminal members. 
5. A direct reading instrument for measuring 
magnetic flux density comprising, in combina- 
tion; a resistance Wheatstone bridge having two 
5O adjacent arms mounted in probe means with 
the effective resistance portions of both of said 
arms being of substantially equal length, ap- 
proximately the saine temperature coefficient of 
resistivity and substantially the saine total elec- 
55 trical resistance in a fleld of zero flux, one of 
said arms being of relatively highly magnetical- 
ly-sensitive metallic material subject to relative- 
ly large change in resistance as a function of 
change of flux in a magnetic fleld in which it 
6O may be located and the other being relatively 
magnetically-insensitive as to its resistance 
characteristics; amplifier and detector means 
operable on A. C. containing the other two 
arms of said bridge, the latter two adjacent 
65 bridge arms being remotely located from said 
probe means normally to be outside the sphere 
of influence of the magnetic fleld in which said 
probe means may be inserted for measm'ement 
of the strength thereof and substantially alike 
7o in response with respect to their environment, 
said amplifier being adapted to produce a signal 
which correspondingly varies with unbalancing 
of said bridge whereby signal strength increases 
with increase in magnetic fleld strength; means 
75 to connect an A. C. source to said means; and 
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a current meter connected to the output of said 
amplifier calibrated directly in Gauss and giv- 
ing deflection readings which increase corre- 
spondingly to increase in signal strength. 
6. A direct reading instrument for measuring 
magnetic flux density comprising, in combina- 
tion, a resistance Wheatstone bridge having two 
adjacent arms mounted in probe means with one 
being formed of bismuth tobe relatively highly 
magnetically-sensitive and subject to relatively 
large change in resistance as a function of 
change of flux in a magnetic field in which it may 
be located, the .other arm comprising one of the 
elements tungsten and zirconium tobe relatively 
magnetically-insensitive as fo ifs resistance 
characteristics, amplifier and detector means 
operable on A. C. containing the other two arms 
of said bridge, the latter two adjacent bridge 
arms being remotely located from said probe 
means normally tobe outside the sphere of in- 
fluence of the magnetic field in which said probe 
means may be inserted for measurement of the 
strength thereof and substantially alike in re- 
sponse with respect fo th,eir environment, said 
amplifier being of the high gain, narrow hand 
negative feedback type and adapted to produce 
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a signal wh!ch correspondingly varies with 
balancing of said bridge whereby signal strength 
increases with increase in magnetic field 
strength, means to connect the instrument fo 
6 the usual A. C. house supply, an electronic regu- 
lated power supply means and incieased cycle 
0scillator means of very low harmonic content 
characteristics connected between said supply 
means and said amplifier means, and a current 
10 me£er connected fo the output of said amplifier 
calibrated directly in Gauss and giving deflection 
readings which increase correspondingly fo 
crease in signal strength. 
ROBERT FIASER. 
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